METHOD FOR FORMING SPACERS OF 
MICRO-DISPLAYS 



FIELD OF THE INVENTION 

[0001] The present invention generally relates to a micro-display and 
in particular to a method for forming spacer posts between a substrate and 
an ITO layer of the micro-display. 

BACKGROUND OF THE INVENTION 

[0002] Image displaying devices, such as liquid crystal projector and 
computer monitors, that employ micro-display units are getting prevailing 
recently. Such image displaying devices comprise an optic engine that 
comprises three micro-display units, respectively associated with red, 
green and blue colors. Light emitted from the three micro-display units 
are then combined for forming color images. 

[0003] Figure 6 of the attached drawings shows a schematic structure 
of a conventional reflective micro-display. The micro-display comprises 
a substrate A on which reflective pads/layers A5 are formed and a glue 
frame Al formed at perimeter of the substrate A encompassing all the 
reflective pads A5. An ITO glass plate A4 is attached to the glue frame 
Al for forming a sealed unit A2 which is referred to as cell. The ITO 
glass plate A4 is spaced from the substrate A a predetermined distance H 
which is referred to as the cell gap in the art, for containing a liquid crystal 
material between the substrate A and the ITO glass plate A4. To 
maintain the cell gap, rigid beads A3, often referred to as spacers, are 
contained in the glue frame Al for soundly supporting the ITO glass plate 
A4. 
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[0004] Adding rigid beads A3 in the plastic frame Al for maintaining 
the cell gap is effective in micro-displays of low resolution and small cell 
A2 size. However, it is not very effective in maintaining the cell gap in 
micro-displays requiring high resolution and having large cell A2 size. 

[0005] Figure 7 of the attached drawings shows another conventional 
method for maintaining the cell gap wherein spacers A3 are distributed 
over the whole area of the micro-display. However, since the spacers are 
randomly distributed inside the micro-display, it is very likely that a dark 
spot on white background or a white spot on dark background caused by 
superposition of the images of the spacers in the red, green and blue 
micro-displays may become visibly perceptible, leading to flaws of image 
so formed. 

[0006] It is thus desirable to have a method for overcoming the 
above-discussed problems. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, an object of the present invention is to provide a 
method for forming spacers to maintain a uniform cell gap throughout the 
whole area of a micro-display. 

[0008] Another object of the present invention is to provide a method 
for making micro-displays of red, green and blue colors with controlled 
positioning of spacers in red green and blue micro-displays thus no 
superimposition of spacers exist in the same position when light from red 
green and blue micro-display are combined. The dark spot or white spot 
problem can eventually removed. 



[0009] Another object of the present invention is to provide a method 
for forming spacers of a micro-display with reduced costs of 
manufacturing. 

[0010] To achieve the above objects, in accordance with the present 
invention, there is provided a method for forming spacers in micro-displays 
to eliminate dark or white spots, comprising the following steps: (1) 
providing a substrate for each of red, green and blue micro-displays with 
metallic reflective pads formed on the substrate, the pads being spaced 
from each other by non-reflective areas; (2) forming a coating of a 
transparent, non-conductive material on the substrate and over the 
reflective pads; (3) providing a mask associated with each substrate, each 
mask having a number of shielded zones that are not corresponding in 
location to each other; and (4) performing a lithographic operation on the 
transparent, non-conductive coating of each substrate of step (2) by using 
the associated mask of step (3) whereby portions of the transparent, 
non-conductive material that are corresponding to the shielded zones of the 
mask are left on the substrate, functioning as the spacers. The spacers of 
the substrates are thus not corresponding to each other in location whereby 
dark or white spots caused by superposition of images of the spacers of the 
micro-displays are effectively eliminated. 



BRIEF DESC RIPTION OF THE DRAWINGS 

[0011] The present invention will be apparent to those skilled in the 
art by reading the following description of the best mode thereof, with 
reference to the attached drawings, in which: 

[0012] Figure 1 is a flow chart of a method for forming spacers of a 
micro-display in accordance with the present invention; 



[0013 J Figure 2 is a cross-sectional view showing formation of a layer 
of transparent non-conductive material on the metallic reflective pads on a 
substrate of a micro-display; 

[0014] Figure 3 is a plan view showing the alternate arrangement of 
5 spacer locations in masks for red, green and blue micro-displays; 

[0015] Figure 4 is a cross-sectional view showing the spacers formed 
between pixels of the micro-display in accordance with the present 
invention; 

[0016] Figure 5 is a plan view showing the alternate arrangement of 
the spacers in the red, green and blue micro-displays in accordance with 
the present invention; 

[0017] Figure 6 is a cross-sectional view of a conventional 
micro-display; and 

[0018] Figure 7 is a schematic cross-sectional view of another 
conventional micro-display. 
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DETAI LED DESCRIPTION OF BEST MODE FOR CARRYING OUT 

THE PRESENT INVENTION 

[0019] With reference to the drawings and in particular to Figures 1 -3, 
a method for forming spacers in a micro-display in accordance with the 
20 present invention comprises the following steps: 

[0020] A substrate 1 10 of a micro-display 100 (Figure 5) is provided. 
The micro-display 100 comprises metallic reflective pads/layers 110' 
formed on the substrate 1 10 and spaced from each other. The reflective 
pads 110' correspond to pixels of the micro-display 100 comprised of the 
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substrate 110 and are spaced by non-pixel area X (Figure 5). The first 
step, step 10, of the method in accordance with the present invention is to 
form a coating of transparent, non-conductive material 120 on the substrate 
110 and over the reflective pads 110' (or the pixels). The transparent, 
5 non-conductive material 120 is selected from SiO x , SiN x , etc., such as 
Si0 2 andSiN 2 . 

[0021] The next step, step 20, is to select the locations of the spacers 
on masks. A mask 200 is provided for each of the red, green and blue 
micro-displays 100. The masks 200 are formed so as to shield the 
10 locations 210 where the spacers are to be formed. The locations 210 on 
the three masks 200 are selected to be not corresponding to each other and 
are corresponding to the non-pixel area X between the pixels of the 
rU micro-displays. 

O [° 022 J Thereafter, step 30, a lithographic operation or other suitable 

15 etching operation, is performed on the transparent, non-conductive coating 
120 of step 10 by using the masks 200 of step 20. In step 40, as a result 
of the lithographic operation, portions of the transparent, non-conductive 
coating 120 that are shielded by the selected locations 210 of the masks 
200 are left, forming post-like spacers 130 (Figures 4 and 5). Due to the 
20 careful selection of the locations 210 of the mask 200, the spacer posts 
130 so formed on the red, green and blue color micro-displays 100 are not 
corresponding to each other in locations whereby dark or white spots 
caused by superposition of the images of the spacers of micro-displays are 
effectively eliminated. 

25 [0023J Also referring to Figures 4 and 5, as a result of the method of 
the present invention, the spacers 130 that are formed on the red, green 
and blue micro-displays are located in the non-pixel area X and are not 
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corresponding to each other. Although an example is shown in Figure 5, 
it is apparent to those having ordinary skills to arrange the spacers 130 in 
different manners. The arrangement of the spacers 130 is in general 
based on the pixel size and the pixel pitch. Taking XGA (having a 
5 resolution of 1024x768) as an example, in a typical 15x15 urn 2 area of a 
micro-display, there can be 10-500 spacers 130 arranged/formed inside the 
micro-display. 

[0024] Once the spacers 130 are formed, a glue frame 140 is formed 
around the substrate 110. An ITO glass plate 150 is placed on the glue 
10 frame 140 and supported by the spacers 1 30. An interior space Y is thus 
formed between the substrate 1 10 and the ITO glass plate 150 and a liquid 
crystal is filled into the interior space Y. The manufacturing of the 
micro-display unit 100 is thus completed. 

[0025] An example of the liquid crystal material that is filled between 
15 the substrate 1 10 and the ITO glass plate 150 is vertical alignment liquid 
crystal material which helps eliminating the dark or white spots. 

[0026] To this point, it is apparent that the method of the present 
invention offers the following advantages: 

[0027] (1) First of all, the cell gap can be effectively maintained 
20 throughout the whole micro-display. By means of distribution of the 
spacers 130 made of Si0 2 throughout the whole micro-display at carefully 
selected locations, the cell gap HI between the substrate 1 10 and the ITO 
glass plate 150 can be kept substantially uniform throughout the whole 
micro-display. 

25 [0028] (2) The dark spots or white spots can be eliminated by careful 
arrangement of the locations of the spacers in the red, green and blue 
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micro-displays. The selection of the locations of the spacers prevents the 
images of the spacers from superposition with each other and thus 
effectively eliminating the dark spot problem. 

[0029] (3) Manufacturing costs of the micro-displays are reduced. 
5 Using lithographic operation with the masks 200 to form the spacers 130 
simplifies the manufacturing process and thus reducing the costs. 
Furthermore, this method can be adopted in micro-displays of any 
resolution. 

[0030] Although the best mode for carrying out the present invention 
0 has been described with reference to the drawings for illustrating the 
present invention, it is apparent to those skilled in the art that a variety of 
modifications and changes may be made without departing from the scope 
of the present invention which is intended to be defined by the appended 
claims. 
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